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Program prednasky:

e Adultni kmenové bunky (ASCs)
biologické vlastnosti a diferenciacni potencial
transdiferenciace, EMT

mikroprostredi (niche) ASCs
vyuziti ASCs pro bunécné terapie - 18.4.2012

e Nadorové kmenové bunky (CSCs)
biologicke vlastnosti a hypotézy vzniku CSCs
markery CSCs

moznosti cilené protinadorove terapie
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ADULTNI KMENOVE BUNKY
(ADULT STEM CELLS, ASCs)
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Diferenciacni potencial
hematopoetickych a stromalnich SCs

Bi8120 Aplikovana bunécna biologie / 08 / 11.4.2012




Plasticita hematopoetickych SCs

Bone marrow - Bone marrow
pxtracted o, contains many

types of cell

Useful stem
calls selecrad

¥

®

Bi8120 Aplikovana bunécna biologie / 08 / 11.4.2012




Izolace
hematopoetickych
SCs pomoci FACS
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Transdiferenciace

= schopnost bunek diferencovat do fenotypu
charakteristickeho pro ]|ny typ tkane nebo
organu, nez byla tkan plvodni

o hematopoetické SCs — kardiomyocyty,
hepatocyty

Ratajczak et al. 2006

e populace velmi malych bunék v kostni dreni,
které se podobaji ESCs, maji morfologii a
markery shodné s nediferencovanymi SCs

e /n vitro diferenciace do fenotypu kardiomyocytd,

neuralnich a pankreatickych bunék
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Priklad transdiferenciace neuralnich SCs

Neural stem cells
expressing B-galactosidase

Myoblast/
embryoid body

Muscle cells
expressing 3-galactosidase
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Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition
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Progressive loss of epithelial markers
and gain of mesenchymal markers

Epitelialné mezenchymalni tranzice (EMT)

= biologicky proces, pfi némz polarizovana epitelialni
bunka, ktera svym bazalnim povrchem interaguje s
bazalni laminou (ECM), prochazi radou
biochemickych zmén, diky nimz ziska
mezenchymalni fenotyp (zesilena schopnost
migrace, invazivita, vyssi rezistence k apoptoze a
zvysena produkce komponent ECM)
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"Niche" (hnizdo) SCs

e mikroprostredi (microenvironment):

podptirné bunky, extracelularni matrix, adhezni
molekuly a signalni molekuly

e ASCs - po celou dobu zivota organismu

niche cells
SCs (mitoza)
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NADOROVE KMENOVE BUNKY
(CANCER STEM CELLS, CSCs)
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Nadorové kmenové bunky (Cancer SCs, CSCs)

e prokazany u hematologickych malignit i rliznych
typl solidnich nadord

Vlastnosti

e proliferacni a diferenciacni potencial

e schopnost self-renewal

e metastaticky potencial

e sekrece rlstovych faktort, cytokinl

e vysoka telomerazova aktivita

o specifické markery (CD133...)

o specifické signalni drahy (Wnt, Notch, Hedgehog)
e rezistence vUlci apoptdze
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Cancer Stem Cells: Are We Missing the Targel?

Richard J. fowes, Williger H. Matoed, B. Dowglay Smith
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DUsledek:
zasadni zména pohledu na biologii nadord

Stochastic/ clonal evolution model Cancer stem cell model
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Cancer cells are heterogeneous, but Cancer cells are heterogeneous and only
most cells can proliferate extensively the cancer stem cells (CSC; green) have
and form new tumors. All cancer cells the ability to proliferate extensively and
must be eliminated to cure the patient. form new tumors. Other cancer cells have

little capacity to divide. To cure cancer it
may be necessary and sufficient to
eliminate the cancer stem cells
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Soucasné hypotézy vzniku nadorll

Cancer stem cell
el

Clonal evolution
model

Interconversion
madel
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solidniho nadoru

C = kapilara
N = nekroza

TAM
= tumor-associated
marcophages

TICs = tumor initiating cells (= CSCs)
TACs = transit amplifying cells
TD = terminally differentiated cells
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Mikroprostredi (niche) CSCs v solidnich nadorech

Stroma CSC Non-CSC tumor cells

Blood vessels

Secreted factors

CSC s Self-
niche renewal

e dindiae

Drug resistance
Radiation resistance

CSC-specific antigens

Current Opinion in Biotechnology
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Komponenty mikroprostredi v solidnich nadorech

e hypoxie, ECM, mezibunécné interakce,
extracelularni (secernovane) faktory a signaly,
"tissue makeup"
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' g 1
Lm0 Secreted
Cell-to-Cell
: Factors
Interactions
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Hypotézy vzniku CSCs

e nadorova transformace ASCs, resp.
progenitorovych bunek

e chybna inkorporace bunék kostni drenée
e aberantni depozity ESCs (transformovanych)

e mutace podminujici dediferenciaci a imortalizaci
diferencovanych bunek ve tkani
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lidské CSCs

lidské ESCs
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SCs normalni tkane:

hematopoeticke SCs
neuralni SCs
neuroektodermalni SCs
epitelialni SCs prsni zlazy
epitelialni SCs renalnich
tubul@

SCs jaterni tkané
ovarialni epitelialni SCs
cervikalni epitelialni SCs
epitelialni SCs sitnice

Odpovidaijici typ nadoru:

leukemie
nadory mozku
neuroblastom
nador prsu
Wilmstyv tumor

hepatoblastom

karcinom vajecnik{
karcinom délozniho krcku
retinoblastom
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Hypotézy vzniku CSCs:

Self-renewal
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Hypotézy vzniku CSCs:

1. Stem cell 2. Progenitor cell 3. Differentiated cell
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e e Vz njk nadoru
v dusledku
Sasalike broast 7. transformace ASCs:
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progenitors
Basal-like
breast cancer Luminal breast

Cancer
Differentiated Differentiated luminal

myoepithelial cells epithelial cells
CD10", SMA*, CK14' Muci®, CD24°, CK18'
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Genetic or epigenetic alterations, Primary luminal
microenvironment breast tumor
(hypoxia, stromal factors, etc)

Distant metastasis
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Markery rtznych typd CSCs:

Burket et al. 2006, Guo et al. 2006, Li et al. 2007, Neuzil et al. 200/,
Olempska et al. 2007, Vaish et al. 2007
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Markery CSCs u nadort mozku:

 nestin (IF protein, nediferencované bunky CNS)
e Musashi-1 (neural RNA-binding protein)

e CD44 (CAM, CNS nadory)

e CD133 (transmembranovy protein, neuralni SCs)
e Sox2 (transkripcCni faktor, neuralni SCs)

o Bmi-1 (self-renewal, proliferace SCs)
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In vitro diferenciace

CSCs z nadoru mozku:

e Neurony

e astrocyty

e nediferencované
CSCs
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Markery CSCs u nadorl détského véku:

Cell Surface Nuclear/Cytoplasmic Transcription Functional/

Malignancy Proteins Proteins Factors Enzymes Ref.
AT/RT [cDi133] [31]
Ependymoma CDI133] CD15 Nestin, BLBP, RC2 [29,30,32]
Ewing’s Sarcoma/PNET|CD133 SP [58,74]
Glioma CDI133]CD15 Musashi-1, bmi-1 Sox-2 [24,25,32]
Hepatoblastoma SP [76]
Malignant rhabdoid CD133 [45]
tumor of the kidney
Medulloblastoma CDI133]CD15 Nestin SP [24-28,32-34]
Melanoma, childhood JCD133 [44]
Neuroblastoma CD133 Nestin SP [42,43,74,77]
Osteosarcoma CD133 Nestin Oct3/4, Nanog SP [48-51,75]
Retinoblastoma CDI133| CD44 Nestin, musashi-1,  Oct3/4, Nanog, ALDHI, SP [36-39]

bmi-1 pax-6, chx10
Rhabdomyosarcoma CD133 SP [57,74]
Wilms Tumor CDI33| NCAM [46]

(Friedman and Gillespie, Cancers, 2011)
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CD133 (Prominin-1)
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Bunécna linie Saos-2 (ATCC) — osteosarkom

CD133 / DAPI Nestin / DAPI
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Identifikace markert CSCs
v sarkomovych bunécnych liniich

Rhabdomyosarkom Osteosarkom

CD133
Nestin
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Funkc¢ni testy (functional assays) na fenotyp CSCs
e tvorba sfér (sphere formation assay)

e tvorba kolonii (colony forming assay)

e testy klonogenity (clonogenicity assay)

o testy tumorigenicity (tumorigenicity assay)
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Tvorba sfér (sphere formation assay)
e vytvareni suspenznich bunécnych agregatd

®
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defined defined serum

‘/ medium medium medium\

L CSC ® transit- () astrocytic
amplifying
CD133, A2BS, |Decreased GFAP
SSEA-1, Sox2, |stem cell
Bmi1 markers
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Tvorba kolonii (colony-forming assay)

e vyseti naredéné bunécné suspenze do mekkeho

agaru - vytvareni kolonii

Single Cells

and Small Clumps

Calls plated in 0.3% agarsdrugs

In Vitre Culture

Yy
W

S E==

nderiayer in 0.5% agar + nuirients

Colony Number * : .
Evaluation e

14-Day culture
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Testy klonogenity (clonogenicity assay)

e inokulace izolovanych bunék do 96-jamkovych
desticek (fredénim nebo pomoci mikropipety)
e proliferace a tvorba kolonii (>50 bunék)
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Testy tumorigenicity (tumorigenicity assay)

e subkutanni injekce bunécné suspenze NOD/SCID
mysim (koncentrace cca 107/ml)

e monitorovani rlstu nadord, histologicka analyza
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Priklad komplexni
analyzy CSCs

in vitro
(osteosarkom)

(Tirino et al.,
FASEB ], 2011)
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Priklad komplexni analyzy CSCs /n vitro (osteosarkom)

Tumour growth from BS16
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(Tirino et al., FASEB J, 2011)
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Hypotéza CSCs:

Dlsledky pro
protinadorovu lécbu

O Premalignant stem cell
]

Cancer stem call
specific therapy

Corventional
cancsr therapy

O

Tumor regression

Tumor relapse

-8

O . Cancer stem cell Specific therapeutic target

/I\

| Genetic/epigenetic modification|

7T N

@
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| Genetic/epigenetic modification| Classic therapeutic target

AR RYARY
000000

Lineage-restricted tumor cells
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Konvencni vs. cilena protinadorova lécba:

_
Drugs "
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differentiated cells ‘ 4" )'
Y : / A
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Q cancer cells
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r‘? » P /{ k ,
' Sy
Initially no clinical Eventually cancer
response is detected stops producing
by traditional criteria new cells
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Rizika neselektivni Iecby cilené proti CSCs:

poskozeni ASCs v nenadorové tkani

O O3

renewal of renewal of
self renewal self-renewal
malignant malignant

i\# potential x} # potenti |//\}/~j

on- selectwe selective]
targeting o o targeting

shared renewal different renewal
mechanisms mechanisms

therapeutic index
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Problém cilené terapie:
chemorezistence a radiorezistence CSCs

Chemoresistance Mechanism Tumor Type Ref.

Efficient DNA repair ability Ependymoma, Ewing’s sarcoma. [99.102]
GBM, MB., osteosarcoma

Differential expression and phosphorylation of kinases ~ Neuroblastoma [100]

Low Proliferative Ki-67 index Childhood melanoma [44]

ABC multidrug resistance MB. neuroblastoma [42,102]

Quiescence Ependymoma, GBM, MB, PNET  [102]

Radioresistance Mechanism

Preferential activation of DNA damage response Glioblastoma [103]

Upregulation of anti-apoptotic genes MB. AT/RT [31.104]

Predpokladane mechanismy chemorezistence a
radiorezistence u nadoru detskeho veku

(Friedman and Gillespie, Cancers, 2011)
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Terapie cilena proti CSCs:
mozné strategie

Altering interaction

With ‘niche’
Differentiating
/ agents \‘

Tumor
regression

Inhibiting :
angiogenesis

\ Checkpoint /
blockers

Manipulating self
renewal pathways
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Terapie cilena proti CSCs:
Priklady konkrétnich strategii u vybranych typt nador{

Table 2 Potential therapeutic avenues against stem-like cancer cells

Therapeutic maodality Tissue-specific example Reference

('J'r:c-ul}'['tc.' viral therapy ("u;h'td-mudi!'tcd adenoviral vectors aganst CDA4+/CD24— breast [63]
cancer cells

Differenti ation therapy All-irans retinoic acid treatment for neuroblastoma; Oncostatin M [64, 65]
(IL-6-related) for hepatocellular carcimoma

Immunot oxin therapy Monoclonal antibodies against wmors for neutralization, inhibition, or [66]
CYIOLOXICILY pUrposes; I'.'p('AM antibody for stem-hke population in
pancreatic cancer

Pharmacological disruption of Perifosine for Akt inhibition in leukemic stem cells and radioresistant [67, 6F]
intracellular signaling breast cancer cells
Microenvironmental manipulation Disruption of bone marrow-mediated oncoprotection by inhibiting [6t, 70

CXCR4SDE-1 signaling in rhabdomy osarcoma and leukemia
Nanotechnolo gy Highly sensitive detection of disseminated breast umor ¢ells of [71]
CD44+ phenotype using photoacoustic flow cytometry

(Patel et al., Oncol Rev, 2010)
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